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(54) Use of manganese compounds to inhibit both low- and high-temperature corrosion in utility 
and industrial furnace systems 



(57) The present invention relates to the reduction 
or inhibition of corrosion in an atmospheric burner unit 
by adding to a combustion system an effective amount 
of manganese, or a manganese precursor source, or 
derivative. The system may further include a catalyst 
package that may be composed of one or more individ- 
ual organ ometallic compounds of Li, Na, K, Mg, Ca, Sr, 
Ba, Mo, Fe, Co, Pt, Ce, and combinations, mixtures or 
precursors thereof. The manganese component of the 



catalyst package of the present invention reduces or 
eliminates the poisoning of the combustion system, 
whereby improved combustion and reduced emissions 
result. In addition, this invention inhibits both high- and 
low-temperature corrosion that occurs on the hot sur- 
faces of burner furnace walls and tubes, and on cooler 
surfaces of the burner unit exhaust stack. 
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Description 

FIELD OF THE INVENTION 



Iwli PrSSent iW f nti0 " relateS 10 the reduction or inhibition of <*™** in an atmospheric burner unit bv usino 
af uel-borne organometallic combustion system containing manganese, or a manganese pSSSZS or 

compounas ot u, Na, K, Mg, Ca, Sr, Ba, Mo, Fe, Co, Pt, Ce, and combinations, mixtures or precursors thereof Th* 
manganese component of the catalyst package of the present invention reduces or eliminateMh^ ^2Ifof5i 
combustron system, whereby improved combustion and reduced emissions result, in SE^JiKX^ 
second purpose of lowering both high- and low-temperature corrosion that occurs on the^^T^rZ^ 
walls and tubes, and on cooler surfaces of the burner unit exhaust stack 0306 



BACKGROUND OF THE INVENTION 



E JSSiT, 0r f.T met !" ,C combustion cata| y*s are becoming important in the control of environmental pol- 
lutants where foss.l fuel is burned, for example, in internal combustion engines and in stationary burner suTh TTi 
used ,n home heating, industrial furnaces, and steam power generator that bJ 2 o oTcoaT C^anometaS 
tZZ 17 trans i i0n f metals such as ^9anese, cerium, platinum, iron, and moiybdenum; «^5Z2fS 
lith.um, sodium, and potassmm; and alkaline earth metals such as calcium, magnesium strant urn anc Tbariun can 2 
servevanouslyaseffect^efuei-borneemissioncontrolcataVstsforcontrollingprLctio^ol^ 
carbon monoxide, suboxides, and oxides of nftrogen emissions. However the vast majonty 

£S i Z T na t 6l T ntS SUCh 38 SU,fur ' P hos P"^s, vanadium, etc. that bind with these iKSaSTlS 

ssris 9 meir in r ed purpose - ,n addttion ' s ° me — - «* a": con*: s: 

™ ' s " cn a f iron ' whlch can 0Xldlze . corrode, or poison an emission control system. 

EJlSSr k,n (a H° Ve 40 °° C) ° CCU,Tin9 ° n h0t SUrfaces of the combusUo " "n't is promoted by 
fuel contaminants such as sodium, vanadium and iron. This corrosion is promoted by oxyqen near and on the S J*JZ 

Z^Z^°fr m r ad T C ° mbUS,i0n Pr ° dUCtS abSOfb °^en to form J^^iSSSlSl 
Sov wT Z SET P T ^ ^ PhySiCa " y 6r0de the metal SUrface b * f0 ™9 a corrosive and freeing surface 
a uret.?, T t"^ 38 ^ ' eVe ' S ° f ir0n a " ash surfa ce deposit whose fusion temper 

h «t ?J t '""central™ .ncrease in the fuel. The iron in effect lowers the fusion temperature of the slaTand 

rsi^er^^ " UXeS d6SCribed — " - a - erodls t 

£222- « L rj te p mP r rat r e C T Si ° n (be ' 0W 25 °° C) Can occur in the cooler «*««>" <* * combustion unit towards the 
exhaust stack. Fuel sulfur, sodrum, vanadium and iron can cause this corrosion. Sodium vanadylvanZtesTnd iron 
in me presence of oxygen, both independently catalyze conversion of SO, to SO a at high temperature and the S Zn 
f h water at lower temperatures in the exhaust stack to ^TZ^^^K 

of s unl I 9 i ^ c °™-n processes is avaiiability of oxygen near speTs and SSTSS 

!LSJS° ? !, C ° rr0dmg SUrfaC6S - T ° 3V0id an ex * ensive maintenance cost, corrosion must 2 inhibted o^ 

SX Fue", lr fef0re ? deSirab ' e t0 S ° aVenge the 0Xy9en used to P romote "e Boston 

Emq FueHioine organometall.c combustion and emissions control catalysts, such as those of cerium platinum 

f ' r0n USGd in e " 9ineS and bUme,S b0th 10 '°wer exhaust particulates, NO hydrocarbon ^c and 
as Lght-off catalysts for passive diesel particulate filters (DPFs), cata^zed diesel particulate SeMC DPFsT and con 
tinuously regenerating technology diesel particulate filters (CRT-DPFs) used to fil er part culJte^ frl tt ^lV t 

of me combustion unrt, of certain metal contaminants with which these additives have to reac first In doi™ ^ 1 
portion of the catalytic activfry of the additive is sacrificed and no k>nger avai.ab.e T^VllTZ ^ 

SUMMARY QFTHEJjjr ENTKm 

EL .fS^," 9 "? '™™"'"' «*" '"Winced in Is v.rtous Ions prefsnMiallv renos 

[0007] By the present invention, the manganese also scavenges oxygen away from critical surfaces and from «n»N 0 c 
such as sodium vanadylvanadates, iron, piatinum, etc that ^LmJ'J^^^^^^T!^ 
corros-on, and shunts this oxygen to the more desirable carbon oxidation reactio J Z Z^es^Te c^Z 

EST £ ^ bV re3Ctin9 ^ thiS 0Xy9en and USin9 il 10 oxidte «*o". and ca^ofmonoxide to Son 
drox.de. The result is a srgnificant reduction in corrosion of the surface areas of the combustion uni and ft exhaust 
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» 

passageways. 

t [0008] In one embodiment of the present invention, it has thus been discovered that manganese in the fuel when 
admixed with fuel-borne organometallic catalysts preferentially reacts with certain contaminants in the fuel or otherwise 
introduced into the combustion, such as sulfur, vanadium, iron and phosphorus. The interaction between manganese 
s and the fuel contaminant produces a non-poisoning environment in which it is ideal for the organometallic catalysts to 
effectively operate. The catalysts useful in the present invention can include one or more organometallic compounds 
of elements selected from the group consisting of Li, Na, K, Mg, Ca, Sr, Ba, Mo, Fe, Co, Pt, Ce, and combinations, 
mixtures, or precursors thereof. 

[0009] In another embodiment is provided a method to inhibit corrosion of a combustion unit combusting a fuel, 
io whereby the method includes adding to the combustion a corrosion-inhibiting amount of a manganese source. 
[0010] By "interaction," "interacting," "interact" and "interacts" herein is meant scavenging. 
[0011] By "scavenging" herein is meant the contacting, combining with, reacting, incorporating, chemically bonding 
with orto, physically bonding with or to, adhering to, agglomerating with, affixing, inactivating, rendering inert, consum- 
ing, alloying, gathering, cleansing, consuming, or any other way or means whereby a first material makes a second 
is material unavailable or less available. 

[0012] By "manganese" herein is meant any manganese or manganese-containing material, compound or precursor, 
such as but not limited to methyl cyclopentadienyl manganese tricarbonyl, available from Ethyl Corporation as MMT®, 
and manganese sulfonate, manganese phenate, manganese salicylate, cyclopentadienyl manganese tricarbonyl, alkyl 
cyclopentadienyl manganese tricarbonyl, organic manganese tricarbonyl derivatives, alkyl cyclopentadienyl manga- 
20 nese derivatives, Zws-cyclopentadienyl manganese, b/s-alkyl cyclopentandienyl manganese, neutral and overbased 
manganese salicylates, neutral and overbased manganese phenates, neutral and overbased manganese sulfonates, 
manganese carboxylates, and combinations and mixtures thereof. 

[0013] Thus, in an embodiment the present invention provides a method to inhibit corrosion of a combustion unit 
combusting a fuel, said method comprising adding to the combustion a corrosion-inhibiting amount of a manganese 
25 source. 

[0014] Thus, in an another embodiment the present invention provides a fuel-borne organometallic combustion sys- 
tem, containing a fuel and a catalyst package containing at least one metal source, and manganese as a co-catalyst, 
wherein the manganese in the system combines or interacts with at least one fuel contaminant selected from the group 
consisting of sulfur, phosphorus, vanadium, iron, and compounds thereof, and precursors thereof. 

30 [0015] The contaminant, such as sulfur, vanadium, iron, phosphorus, and other elements and their precursors, can 
originate in or from the degradation of the steel or iron-containing structural units of the combustion unit and/or its 
exhaust passageways. The contaminant can also find its way into the combustion system of the present invention by 
or from any other means or sources, such as but not limited to combustion aids and adjuvants, lubricants, in the fuel 
source, such as is often found in crude fuel, tar sands, coal or still bottoms, and air. 

35 [0016] By "combustion unit" herein is meant any and all internal and external combustion devices, machines, boilers, 
furnaces, incinerators, evaporative burners, plasma burner systems, plasma arc, stationary burners and the like which 
can combust or in which can be combusted a hydrocarbonaceous fuel. The combustion units effective in the utilization 
of the present invention include any and all burners or combustion devices, including for example and without limitation 
herein, stationary burners, waste incinerators, diesel fuel burners, gasoline fuel burners, power plant generators, power 

^0 plant furnaces, and the like. The hydrocarbonaceous fuel combustion units that may benefit from the present invention 
include all combustion units, systems, devices, and/or engines that bum or oxidatively decompose hydrocarbonaceous 
fuels. x 
[001 7] Fuels suitable for use in the operation of combustion units of the present invention include hydrocarbonaceous 
fuels such as but not limited to diesel fuel, jet fuel, alcohols, ethers, kerosene, low sulfur fuels, synthetic fuels, such 

45 as Fischer-Tropsch fuels, liquid petroleum gas, fuels derived from coal, coal, genetically engineered biofuels and crops 
and extracts therefrom, natural gas, propane, butane, unleaded motor and aviation gasolines, and so-called reformu- 
lated gasolines which typically contain both hydrocarbons of the gasoline boiling range and fuel-soluble oxygenated 
blending agents, such as alcohols, ethers and other suitable oxygen-containing organic compounds. Other fuels that 
are useful in the methods and combustion units of the present invention are gasoline, bunker fuel, coal (dust or slurry), 

50 crude oil, refinery "bottoms" and by-products, crude oil extracts, hazardous wastes, yard trimmings and waste, wood 
chips and saw dust, agricultural waste, fodder, silage, plastics and other organic waste and/or by-products, and mixtures 
thereof, and emulsions, suspensions, and dispersions thereof in water, alcohol, or other carrier fluids. By "diesel fuel" 
herein is meant one or more fuels selected from the group consisting of diesel fuel, biodiesel, biodiesei-derived fuel, 
synthetic diesel and mixtures thereof. 

55 [0018] Oxygenates suitable for optional use in the present invention include methanol, ethanol, isopropanol, f-buta- 
nol, mixed alcohols, dimethoxy ethane (DME), methyl tertiary butyl ether, tertiary amyl methyl ether, ethyl tertiary butyl 
ether and mixed ethers. Oxygenates, when used, will normally be present in the reformulated gasoline fuel in an amount 
below about 25% by volume, and preferably in an amount that provides an oxygen content in the overall fuel in the 
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range of about 0.5 to about 5 percent by volume. 

[0019] Thus, in an embodiment the present invention provides a method to inhibit corrosion at a temperature less 
than 250 °C in the exhaust passageway of a combustion unit combusting a fuel, said method comprising addinq to the 
combustion a corrosion-inhibiting amount of manganese. 

[0020] Another feature of the present invention is to provide lower maintenance time, materials, and costs due to 
reduced low and high temperature corrosion occurring in the burner or combustion units. Thus is provided a method 
to reduce corrosion in the combustion unit and/or its exhaust passageway which contains steel, iron or other corrosion- 
prone matenals in a combustion unit combusting fuel and a manganese source. 

[0021] A further feature of the present invention is to provide a method of tying up elements, such as vanadium iron 
*' an Phosphorus, which can otherwise poison the catalytic activity of a catalysed fuel combustion system' ' 
[0022] Accordingly, the present invention relates in another embodiment to use in a fuel-bome organometallic emis- 
sions control catalyst system of manganese as a co-catalyst, whereby the organometallic catalyst is rendered more 
effective to .mprove carbon burnout in either the combustion chamber or the exhaust stream, or both where the tem- 
perature is above about 250 °C. 

[0023] The present invention also relates in another embodiment to use in a fuel-bome organometallic emissions 
contro catalyst system of manganese as a co-catalyst, whereby the organometallic catalyst is rendered more effective 
to control corrosive sulfur trioxide production in either the combustion chamber or the exhaust stream or both where 
the temperature is above about 250 °C. 1 
[0024] Additionally, the present invention provides a combustion system having a fuel-bome organometallic emis- 
sions control combustion catalyst, wherein a fuel contaminant preferentially reacts with a manganese co-catalyst rather 
™£« 6 ° rganometallic ^'V 81 - ln man "er, scavenging of the contaminant by the manganese is achieved 
I r*T 1 . " yet an0ther embodimen t. the present invention provides a method to passivate metal surfaces containinq 
FegOa within a combustion unit combusting a fuel, wherein the surfaces are exposed to the product of the combustion 
and the method includes adding a sufficient amount of a source of manganese to the combustion, whereby the man- 
ganese reduces at least some of the Fe^ to Fe 3 0 4 , whereby the metal surface is passivated 
[0026] | The present invention further relates to methods to retard, impede or prevent the oxidation of SO, to SO, 
since SO a is an undesirable combustion by-product. According to one embodiment of the present invention the use 
of manganese in the combustion process or immediately thereafter prevents the undesired oxidation of SO- to SO, 
usually catalysed by iron, platinum, and/or vanadium often found in combustion products. This has the beneficial effect 
rnno^TI 9 ^ elimina,in9 the P radu <*on of acid rain-causing S0 3 from the combustion of hydrocarbonaceous fuel 
[0027] Thus, in yet another embodiment of the present invention is provided a method of improving the efficiency of 
fuel-borne organometallic combustion catalysts utilized in a fuel combustion system, comprising adding to a fuel havinq 
one or more contaminants selected from sulfur, vanadium, iron and phosphorus an amount of manganese sufficient 
to, upon combustion of the fuel, interact with at least one of the contaminants. 

[0028] It is to be understood that both the foregoing general description and the following detailed description are 
exemplary and explanatory only and are intended to provide further explanation of the present invention, as claimed. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

[0029] Thus, according to one embodiment of the present invention, the manganese can be added to the main 
ca talyst package as a co-catalyst. The main catalyst package may be composed of one or more individual orqanome- 
tall.cs compounds of Li, Na, K, Mg, Ca, Sr, Ba, Mo, Fe, Co, Pt, Ce, and combinations or mixtures, or precursors thereof. 
The intended purpose of the catalyst is environmental pollution control by promoting carbon burnout in combustion 
particulate byproducts such as soot and smoke (particulate matteror PM), and in some instances control of hydrocarbon 
(HC) carbon monoxide (CO), and oxides of nitrogen (NO x ) emissions. To the fuel treated with this catalyst packaqe 
can be added for example and without limitation, between 2 - 18 mg Mn/liter fuel when used in internal combustion 
engines, and between 2 - 200 ppm v/v Mn/liter fuel when used in atmospheric burners such as those found in industrial 
furnaces, home heafing, and utility power generation furnaces. 

[0030] According to one embodiment of the present invention, a preferred manganese source is methylcyclopenta- 
dienyl manganese tricarbonyl, available from Ethyl Corporation as MMT® Gasoline Additive, or HiTEO® 3000 Per- 
formance Additive, or GREENBURN® Fuel Additive. 

[0031] In internal combustion engines, manganese in a fuel combines with, reacts with, inactivates or otherwise ties 

U k ■°? fu yS f ?° iSOnS ' SUCh 33 SUlfur and P hos P horu s. hence leaving a cleaner or clean combustion environment in 
which the fuel-borne organometallic catalyst can function with surprisingly improved efficiency. 

Carbon / Hydrocarbon Burnout and Carbon Monoxide Removal 

[0032] Most organometallic-containing fuel additives decompose in the flame to give the respective metal atoms. 
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The level of fuel air mixedness at the time of combustion is nonhomogeneous because ignition occurs while the fuel 
is being injected and combustion heat radiates back into the fuel core as it is being injected, causing pyrolysis reactions 
of the fuel in this fuel-rich zone. The pyrolysis products form soot nucleation sites that grow into visible soot by coag- 
ulation and agglomeration mechanisms. As combustion takes place, manganese atoms from the thermal decomposi- 
5 tion of the manganese-containing fuel additive collide with one another and with the fuel pyrolysis products, which are 
coagulating and agglomerating into visible soot. The metal atoms also collide with oxygen according to the schematic 
reaction below. 

w M (atomic) + ^0 2 — > MO 

* 

[0033] Any collisions between metal atoms (i.e. Pt, Fe, Ce, Mn, etc) in the combusting environment are non elastic 
(this is the nature of "naked" metal atom collisions) and lead to reduced dispersion of the metal in the combusting 
gases. However, collisions of metal atoms with fuel pyrolysis products as they agglomerate maintains the dispersion 

is by charging the particles, resulting in soot particles that are impacted with highly dispersed metal atoms and with 
clusters thereof that might have formed prior to collision with soot particles. As this process transpires, the level of 
mixedness increases, and at temperatures above 400 °C thermal oxidation of the soot occurs as fast as oxygen collides 
with these particles. The rate of this oxidation is temperature dependent, slowing down as the temperature fall below 
400 °C. However, particles with metal atoms impacted continue to oxidize at a high rate due to carbon oxidation cat- 

20 alyzed by carbon dioxide and the metal catalyst species as shown in the following equations. 

MO x + CO -> MO x-1 (caJ) + C0 2 



25 



30 



35 



C (on soot particle) + C0 2 + MO x .., (cal) ~> 2CO + MO^ (cat) 

M0 *-1 (cat) + "> MO x 

[0034] This "carbon burnout" reaction catalyzed by metal oxides according to the above three equations can be 
sustained to temperatures as low as 250 °C. Finally, the carbon monoxide thus formed is further oxidized to carbon 
dioxide as oxygen abundance increases in the combusting mixture due to increasing level of mixing with time. This 
builds up the level of MO x according to the reaction equations, 

MO x-1(cat> + *0 2 --> MO x 

40 MO x + CO->MO x . 1(cat)+ C0 2 

[0035] The reaction cycle above is oxygen concentration dependent and will continue to take place in the combustion^ 
gases all the way to temperatures as low as 250 °C. These carbon burnout, hydrocarbon oxidation and carbon dioxide 
removal reactions catalyzed by fuel borne organometallic catalysts such as compounds derived from Pt, Fe, Ce, etc. 
45 can be inhibited by fuel components bearing sulfur, phosphorus, vanadium, lead, etc. which react with and deactivate 
these catalysts. 

[0036] By the present invention, a manganese compound can be added to the main catalyst package as a co -catalyst 
to scavenge these "poisons" from the combustion environment thus optimizing the performance of the main fuel-bome 
organometallic catalyst in promoting carbon burnout in combustion particulate byproducts. 

so [0037] In another embodiment the manganese compound is not added to the main catalyst package directly, but is 
subsequently and/or separately introduced to the combustion unit or combustion byproducts therefrom. 
[0038] In stationary burners the manganese in addition to combining with, reacting with, inactivating, or otherwise 
tying down sulfur and phosphorus, also inhibits S0 2 to S0 3 oxidation generally facilitated by Fe or Pt. The S0 3 hydrates 
in the exhaust stream as the temperatures drop below the dew point to give sulfuric acid that results in serious tail end 

55 corrosion in the exhaust stack. This so-called "low temperature corrosion" is minimized herein by the addition of a 
sufficient amount of a source of Mn in cases where the fuel-bome catalysts (i.e. Fe and Pt) or surface contaminants 
(e.g. Fe and oxides thereof) are known to also catalyze the S0 2 to SO a reaction. 

[0039] Stationary burner furnaces also suffer from high temperature corrosion that is mainly caused by high iron and 
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vanadium levels in the fuel that form low melting iron derivatives, and vanadylvanadate fluxes with alkali and alkaline 
earth metals that may be added as fuel-borne combustion and emissions catalysts. Co-addition of manganese inhibits 
formation of low-melting alkali/alkaline earth metal vanadylvanadates by reacting with the oxygen necessary for the 
formation of these low metting fluxes. These fluxes corrode surfaces in the high temperature zone of stationary burner 
furnaces leading to frequent expensive maintenance work. An increase in vanadium and iron in the fly ash is a diagnosis 
of this high temperature corrosion. When manganese is added to the fuel according to the present invention there is 
a decrease in these elements in the fly ash thereby indicating a decreased level of high temperature corrosion. 

Optimization of catalytic activity and prevention of low-temperature corrosion. 

[0040] Sulfur trioxide (S0 3 ) produced in the combustion of hydrocarbonaceous fuels combines with water vapor to 
form sulfuric acid as the temperature of the exhaust cools down below the dew point of water. The presence of this 
acid results in both low temperature corrosion of exhaust equipment and in corrosive environmental pollution (acid 
ram). In atmosphenc (stationary) burners, the corrosion of exhaust equipment can be quite considerable in terms of 
cost and down time for repairs. Fuel-borne metallic catalysts convert sulfur dioxide (S0 2 ) to sulfur trioxide at very high 
rates. The efficiencies of some of these reactions are shown below. 

Surface metal catalyzed heterogeneous reactions of SO a to S0 3 have been summarized by Salooja as follows. 



! Reaction 


Conversion Efficiency 


S0 2 + ^0 2 (Pt cat )^S0 3 + (Pt cat ) 


1 00% 


S0 2 + !40 2 (^0^) S0 3 + (V 2 0 5cat ) 


85% 


S0 2 + K0 2 (Cr 2 0 3cat ) S0 3 + (C^C^) 


80% 


S0 2 + 140 2 (FegOa^) -> S0 3 + (Fe 2 0 3cat ) 


65% 


S0 2 + m 2 (CuO^) -> S0 3 + (CuO^,) 


58% 



The conversion efficiencies shown are achieved at temperatures of: 450 °C (Pt), 520 °C (V 2 O s ), 575 °C (Cr O ) 620 
°C (Fe 2 0 3 ), and 680 °C (CuO). ( Salooja, K. C. Burner Fuel Additives. Journal of the Institute of Fuel 37 p 37 1972 ) 
[0041] Platinum thus provides extremely efficient conversion of S0 2 to S0 3 . This metal is used commercially at very 
low treat levels (2-4 ppm) in diesel as a fuel-borne catalyst for control of particulate and NOx emissions When it reacts 
with S0 2 to form undesirable S0 3 , the reaction goes further to form PtS0 4 which is inactive towards its intended PM 
and NO x control. When this fuel-borne catalyst is formulated with a manganese co-catalyst according to the present 
invention, the manganese will keep the sulfur away from the platinum by forming a sacrificial MnS0 4 , thus maintaining 
the performance of the platinum at its optimum. In the case of iron, the active form in converting S0 2 to S0 3 is Fe^Oo 
The manganese used in this invention inhibits this reaction by reducing this active iron species to the less sulfur active 
Fe 3 0 4 lower oxidation state form as shown below. 

2MnO + 3Fe 2 0 3 -> Mn 2 0 3 + 2Fe 3 0 4 

2Mn 3 0 4 + 3Fe 2 0 3 --> 3Mn 2 0 3 + 2Fe 3 0 4 

Fe 3 0 4 does not promote the oxidation of S0 2 to S0 3 . Since Fe 2 0 3 but not Fe 3 0 4 catalyzes thermal oxidation of SO, 
to S0 3 , surface catalysis of S0 2 to S0 3 is eliminated or inhibited by the use of Mn in the present invention And SOo 
formed by other reaction means within the combustion unit will react with MnO according to the reaction described bv 
Gray below. y 



Mn9~f S0 3 --> MnS0 4 [Melting point of MnS0 4 is 700 °C] 

(Gray, MA, The Effect of a Volatile Fireside Manganese Additive on Coal-Fired Utility Boiler Operation " AS ME 
presentation at the Joint Po wer Generation Conference, Phoenix, Arizona, Sept. 28 to Oct. 2, 1 980) . : 

[0042] Thus, the present invention provides in one embodiment a method to passivate metal structural surfaces 
within combustion units, which surfaces might otherwise catalyze the oxidation of S0 2 to S0 3 . This passivation of iron 
and steel surfaces by manganese against catalyzing the S0 2 to S0 3 oxidation reaction is important in utility steam 
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♦ 

furnaces where the surface area presented to the combustion products is by design very large in order to extract 
maximum heat from the flue gases to generate steam. 

[0043] I n another embodiment, the present invention prevents or inhibits the oxidation of Fe 3 0 4 to Fe 2 0 3 on a surface 
of a combustion unit. A manganese co-catalyst added with the fuel-bome catalyst according to an embodiment of the 
5 present invention maximizes the protective effect by ensuring the highest probability of the manganese being juxta- 
posed to the fuel-borne catalyst during the combustion and exhaust phases. Other fuel-bome catalysts poisons such 
as phosphorus, vanadium, etc. would be similarly inhibited or scavenged by the manganese. 

High Temperature Corrosion 

10 

[0044] One skilled in the art can expect high temperature corrosion to occur if the fuel used contains sodium (Na), 
and/or vanadium (V), since highly corrosive complex oxides of these species such as "5Na 2 0»V 2 0 4 »11 V 2 O s " (sodium 
vanadylvanadates) form on utility furnace surfaces in the temperature range between 550 and 680 °C. These low 
melting oxides are efficient as 1) S0 2 to S0 3 conversion catalysts, and 2) oxygen transport catalysts from the gas 

is phase to the iron surface of the unit. A manganese co-catalyst added with the fuel-bome catalyst (Pt, Fe, Ce, etc.) 
would preferentially scavenge the oxygen from the surface deposit and utilize it in the carbon burnout reactions. This 
would inhibit oxidation of higher melting sodium vanadylvanadates to their more corrosive lower melting analogues 
which are responsible for high temperature corrosion by forming a eutecticf lux with the utility furnace and pipes surfaces 
resulting in surface erosion. (See, for example, Pollman, S., Mineralogisch kristallographische Untersuchungen an 

20 Schlaken und Rohrbelagen aus dem Hochtemperaturbereich olgefeuerter GroBkessel. VGB-Mitteilungen, 94, p. 1 , 
1965. Volker Hoenig, L, "Untersuchung der Wirkungsmechanismen von Additiven fur shweres Heizol". Fortschritt- 
Berichte VDI, Reihe 15. Umwelttechnik, Nr. 84, pp. 57-59 and references therein, Dusseldorf. VDI-Veriag 1991 , and 
Wahnschaffe, E., Kontinuierliche SOy und Taubereichsmessunged auf olgefeurten Dampferzuegern. Mitteilungen der 
VGB, Heft 3, p. 193, 1968.) 

25 [0045] The following examples further illustrate aspects of the present invention but do not limit the present invention. 



EXAMPLES: 



[0046] When fuel-bome organometallic combustion control catalysts including a manganese source were utilised in 
30 a power plant generator burning #6 fuel oil according to an embodiment of the present invention , emission filters showed 
declining particulate mass with time. Specifically, a reduction in electrostatic precipitator ash as carbon of up to and 
including 38% by mass was observed. 

[0047] Another measure of the effectiveness of reduced ash production is the observed trend of increasing efficiency 
such as resistivity as loss on ignition of an electrostatic precipitator fry ash decreases. This is because the carbon 
35 deposits act as a conductor on the electrostatic precipitator and resistivity is increased as carbon deposition and de- 
posits are decreased. The overall efficiency of the combustion unit is increased according to the present invention by 
burning more particulate hence reducing the deposition of carbon ash. 

[0048] The present invention is particularly effective in reducing the amount of vanadium and iron in the fly ash 
resulting from the combustion of fuel oil, such as for example #6 fuel oil, in a power plant furnace. 

40 [0049] The present invention is particularly effective in lowering high- and low-temperature corrosion in steam utility 
power generator furnaces combusting a fuel oil as demonstrated by the modified composition of the fly ash and bottom 
ash shown in Figures 1 & 2. High temperature corrosion from the combustion of fuel oils loads these ashes with iron^ 
sulfur, and vanadium. The iron comes from surface corrosion in the furnace and steam pipes surfaces. 
[0050] Figure 1 shows a decrease in fly ash iron content as duration of manganese use increases f romf he combustion 

45 of #6 fuel oil according to the present invention. The sulfur level in the ash is also lowered showing that the manganese 
is inhibiting oxidation of S0 2 to S0 3 and the S0 3 would form either metallic sulfates on reaction with other fuel-borne 
and system surface metals, or form sulfuric acid on reaction with combustion water leading to low temperature corro- 
sion. A decreasing amount of iron in the ashes is indicative of a lowering in high temperature surface corrosion, and 
a decreasing ash sulfur level is indicative of less sulfuric acid formation in the flue gases. 

so [0051] Figure 2 supplementary results in Figure 1 by showing a corresponding decrease in vanadium and sulfur 
in the bottom ash resulting from the combustion of #6 fuel oil. These decreases in iron, sulfur, and vanadium in the 
ashes do not trend with the respective levels in the fuel oil used. The corresponding levels of sulfur and vanadium in 
the fuel oil used were actually trending up with time as shown in Figure 3, hence demonstrating even more the unex- 
pected efficacy of manganese to control the fate of these contaminants in the combustion system according to the 

55 present invention. 

[0052] Other embodiments of the present invention will be apparent to those skilled in the art from consideration of 
the specification and practice of the invention disclosed herein. It is intended that the specification and examples be 
considered as exemplary only, with a true scope and spirit of the invention being indicated by the following claims. 
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Claims 

1 . A method to inhibit corrosion of a combustion unit combusting a fuel, said method comprising adding to the com- 
bustion a corrosion-inhibiting amount of a manganese source. 

2. The method of claim 1 , wherein the corrosion is at a temperature above 400° C. 

3. The method of claim 1 , wherein the corrosion is at a temperature below 250° C. 

4. A method of reducing the amount of vanadium in the fly ash resulting from the combustion of a fuel containing 
vanadium in a combustion unit, said method comprising adding to the fuel or its combustion products an amount 
of a source of manganese effective to combine with the vanadium or its combustion products, whereby the amount 
of vanadium in the resulting fly ash is reduced. 

5. A method of reducing the amount of iron in the fly ash resulting from the combustion of fuel containing iron in a 
combustion unit, said method comprising adding to the fuel or its combustion products an amount of a source of 
manganese effective to combine with the iron or its combustion products, whereby the amount of iron in the resulting 
fly ash is reduced. 

6. A method of reducing the amount of sulfur in the fly ash resulting from the combustion of fuel containing sulfur in 
a combustion unit, said method comprising adding to the fuel or its combustion products an amount of a source 
of manganese effective to combine with the sulfur or its combustion products, whereby the amount of sulfur in the 
resulting fly ash is reduced. 

7. A method for improving the effectiveness of one or more fuel-borne organometallic emissions control catalyst 
compounds of at least one element selected from the group consisting of Li, Na, K, Mg, Ca, Sr, Ba, Mo, Fe, Co, 
Pt, Ce, and combinations, mixtures, and precursors thereof for controlling sulfur trioxide production in or from the 
combustion in a combustion unit of a hydrocarbonaceous fuel having at least one contaminant selected from the 
group consisting of sulfur, vanadium, iron and phosphorus, said method comprising combining said at least one 
contaminant with a sufficient amount of manganese or a source thereof. 

8. A method to passivate metal surfaces containing Fe 2 0 3 within a combustion unit combusting a fuel, wherein said 
surfaces are exposed to the product of said combustion, said method comprising adding a sufficient amount of 
manganese or a source thereof to the combustion, whereby the manganese reduces at least some of the Fe 2 0 3 
to Fe 3 0 4 , whereby the metal surface is passivated. 

9. A method to inhibit the oxidation of Fe 3 0 4 to Fe 2 0 3 on a surface in a combustion unit combusting a fuel, said 
method comprising adding a sufficient amount of a source of manganese to the combustion, whereby manganese 
scavenges oxygen to thereby inhibit the oxidation of Feg0 4 to Fe 2 0 3 . 

10. A method of increasing the efficiency of an electrostatic precipitator of a combustion unit which combusts fuel and 
produces carbon-containing fly ash, said method comprising adding a sufficient amount of a source of manganese, 
to the combustion, whereby carbon deposition on said electrostatic precipitator is decreased, and electrostatic 
precipitator efficiency is increased. 

1 1 . The method of any one of claims 1 -1 0, wherein the combustion unit is selected from the group consisting of any 
and all burners or combustion units, stationary burners, waste incinerators, diesel fuel burners, gasoline fuel burn- 
ers, power plant generators, power plant furnaces, any and all internal and external combustion devices, boilers, 
furnaces, evaporative burners, plasma burner systems, plasma arc, and devices that can combust or in which can 
be combusted a hydrocarbonaceous fuel. 

1 2. The method of any one of claims 1-11, wherein the fuel is selected from the group consisting of diesel fuel, biodiesel , 
biodiesel-derived fuel, synthetic diesel, jet fuel, alcohols, ethers, kerosene, low sulfur fuels, synthetic fuels, Fischer- 
Tropsch fuels, liquid petroleum gas, fuels derived from coal, coal, genetically engineered biofuels and crops and 
extracts therefrom, natural gas, propane, butane, unleaded motor and aviation gasolines, reformulated gasolines 
which contain both hydrocarbons of the gasoline boiling range and fuel-soluble oxygenated blending agents, gaso- 
line, bunker fuel, coal (dust or slurry), crude oil, refinery "bottoms" and by-products, crude oil extracts, hazardous 
wastes, yard trimmings and waste, wood chips and saw dust, agricultural waste, fodder, silage, plastics, organic 
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4 waste, and mixtures thereof, and emulsions, suspensions, and dispersions thereof in water, alcohol, and other 
carrier fluids. 

13. A method of any one of claims 1-12, wherein the manganese is selected from the group consisting of methyl 
cyclopentadienyl manganese tricarbonyl, cyclopentadienyl manganese tricarbonyl, bis- cyclopentadienyl manga- 
nese (manganocene), bis- alkyl cyclopentadienyl manganese, manganese sulfonate, manganese phenate, man- 
ganese salicylate, alkyl cyclopentadienyl manganese tricarbonyl, organic manganese tricarbonyl derivatives, alkyl 
cyclopentadienyl manganese derivatives, neutral and overbased manganese salicylates, neutral and overbased 
manganese phenates, neutral and overbased manganese sulfonates, manganese carboxylates, and combinations 
and mixtures thereof. 
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Figure 1 

Fly Ash Elemental Composition: - Selected Elements 
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Figure 2 

Bottom Ash Elemental Compositions: - Key Elements 
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